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The gas incubator, as it is generally used in the bacteriological la-
boratory, has acquin•d the reputation of being not only one of the 
most costly but at the same time among the most unsatisfactory parts 
of the laboratory equipment. The reasons for this are numerous, but . 
among the most important ones are the expense of the apparatus, the 
difficulty ofteri found in maintaining. the desired degree of constancy 
in temperature, and the danger connected with the use of gas as a 
source of heat. It was with the hope of being able to overcome some 
of these defects and especially with the desire to avoid the. use of gas 
that some experiments were undertaken with the view of determining 
first, the practicability of employing the ordinary incandescent light 
as a source of heat, and second, the possibility of dispensing with the 
common costly form of incubating oven. As a result of the trials 
that were made the form of incubator and thermoregulator about to 
be described was devised. The incubator was designed for use in the 
student laboratory but it is believed that with suitable changes in the 
interior construction it can be readily adapted to general use. -
Priority in the use of this type of appar~tus is not claimed for 
this laboratory as it is understood that the idea of the wooden in~uba­
tor as well as that of using electricity as a source of heat have been 
previously embodied in an apparatus employed in the laboratory of 
the City Board of Health of Chicago, .Illinois. It is believed, however, 
that the ~onstruction of both the forms of apparatus here detailed is 
essent-ially new and that each possesses certain features not belonging 
to any similar apparatus previously described. 
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The apparatus is yet in the experimental stage and is believed t 
be capable of much improvement as a result of continued use an 
adaptation, and while it could scarcely be hoped that at prosent it 
should prove su-perior i n all respects to the older forms of apparatus, 
yet it is felt that its freedom from some of the defects . of the latter 
will win for it the appreciation of laboratory workers. 
CoNSTRUCTION oF THE INCUBATOR. 
As has been indicated one of the principal objections 
nary form of incubator is the expense connected with its constructic n 
and with this fact in view it was proposed to attempt some form of 
construction which should combine the least expense for material and 
labor; with the requisite non-conducting power. After considering the 
merits of various substances, soft white pine was selected at the sug-
gestion of Professor T .• J. Burrill, as a material which combines to a 
considerable degree the properties desired ; the special points in favor 
of this material being 'its lightness and durability, combined with its 
low cost and comparatively high non-conducting power for heat. The 
latter property, ~hich is of great importance, is dependent upon the 
high degree of porosity which this wood possesses. The numerous 
pores act as "dead air" spaces and function in a manner similar to 
the chambers between the various walls of the common type of incu-
bator. By trial it has been shown that so perfectly does the pine act 
as a non-conductor that with a thickness of wall of 1! inthes and a 
temperature of 37! o C. maintained on the interior of the incubator the 
temperature on the exterior is not perceptibly changed from the nor· 
mal temperature of the room, with the exception of that directly above 
the apparatus where a thermometer lying 1 inch above the S"urface re-
corded a rise of less than 0.2°C. above the temperature of the room at 
the same altitud_e. The latter temperature at the time of the tests 
ranged from 12 to 15°0. lower than that on the inside of the incubator. 
The incubator as it is now.used in the laboratory is shown in fig-
ure I, and has the form of a cubical box, one side of which opens as a 
door allowing access to all parts of the interior. The inside dimensions 
of the box are 2 feet in each direction. The walls are made of a dou-
ble thickness of t inch pine boards, the lumber E~elected being entirely 
free from knots and of the softest pine obtainable. It is also import-
ant that the lumber to be used should be very thoroughly seasoned to 
lessen subsequent shrinkage from the effects of ~he heat to which it is 
exposed. It is then carefully matched, 'dressed, and sized, and the six 
side walls of the box are bullt up separately and of the proper dimen-
mensions to give the desired inside measurements. In C'Onstructing 
the sides no non-conducting material is placed between the two thick-
. ~ 
hesses of beards, nor is any dead air space proTided, the _two surfaces of 
the boards being brought into immediate contact and firmly nailed tO: 
gether. In the incubator in use at the prese~t time the boards of 
two layers were made to cross each other at right angles for the pu 
of lessening the possibilities of shrinkage,· but it was found that although 
the lumber had previously been very thoroughly seasoned there was 
stilr a certain amount ·of shrinkage which caused the joints to open 
slig,htly: On this account it is thought ~he boards of the two layers 
should lie in the same direction and be so arranged that the joints in 
the outer layer shall fall between those of the. inner. 
, Bef~re assembling the walls of the box th~ four edges of each are 
carefully beveled at an angle of 45.0 so that when two are brought in con-
tact they will meet at an angle of 90° and form a perfect joint. To aid 
in· making these joints perfec.tly air tight a strip of thin felt or other 
soft material is glued to each of the beveled surfaces before they are 
brbug"4t iato contact. In the subsequent nailing of the joints the 
compression of. this yielding layer brings about a perfect stoppage of 
all cracks or ineq ali ties in the beveled surfaces. Four of the walls of the 
bqx constituting the top and bottom and the two sides are, now brought 
into position and so na1led together that the line of direction of the 
joints in each shall lie in the same perpendicular plane. This is im-
portant, that in the shrinkage that follows the material which forms 
th:ese four sides may all shrink in the same direction and thereby tend 
to: prevent the opening of the joints. The back of the box is now 
najled in place, and the front which is to serve as the door is hinged to 
the beveled edge.of the right-hand side in such a inanner that when-
t~e door is opened through an angle of 90° it shall entirely clear tbe 
opening to the interior. This is essential in order to avoid any inter-
ference by the door with the free working of the drawers which occupy 
th:e interior of the box. The beveled edges of the door and its 
jambs are each provided with a layer of thin felt, and the door is 
equipped with a strong lever as a latch which closes in a catch beveled 
so. that the depression of the lever crowds the door very closely shut. 
The interior space of the incubator, as seen in the figure, is occupied 
by a series of twelve drawers arranged in three ranks of four each. 
For convenience these are numbered and each .accommodates the cul-
tures of one or more students. The constr-q_ction is such that they may 
be removed from the incubator with their contents and :taken to the 
desk of the student during the laboratory period. With the exception 
of the central pair in each of the upper ranks the drawers are two feet 
Ion~ and extend to the back of the incubator. The four specified are 
made 2! inches shorter to allow space at the back of the incubator for 
the thermoregulator and incandescent lamps which furnish the heat. 
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The other dimensions of the drawers are 5l inches in width, by 7-! inches 
in depth, which enables them to accommodate the ordinary form of wire 
basket for culture tubes used in most laboratories, or a t~st tube rack 
as weU as any of the ordinary forms of culture apparatus. The sides 
as well as the rear ends of the drawers are carried up but ll inches 
above the bottoms, _ the object being to leave the interior of .the incu-
bator as open as possible to facilitate the ready circulation of .the en-
closed air. To promote still farther the equalization of the temperature 
at different parts of the box by permitting convection current.s to move 
as freely as possible the bottoms of the drawers which are made of thin 
stuff are freely perfor~ted with ! inch auger holes. It is important 
that the outer ends · ()f the drawers fit snugl.r and enclose the entire 
front of the box when all are in place, or otherwise when the door of 
the-incubato~ is opened the heated air from the interior tends to rush 
out owing to its lighter specific gravity and cold air is drawn in to re-
place it, thereby causing suddAn fluctuations in temperature. 
It has not been found necessary to use any insulation to p'\"event 
loss of· heat by radiation, though in case this were required it could be 
readily applied in the form of a jacket of hair cloth or coarse felt tacked 
to the outside of the box. For all ·ordinary purposes it has been dem-
onstrated that this is superfluous and the only covering that need be 
-applied consists of two coats of paint to prevent the checking of the 
wood and to improve its appearance. 
METHOD OF HEATING. 
As bas been indicated the incandescent electric lamp is the source 
of beat employed. ·It is apparent that this method of heating can be 
dopted in those laboratories only where a constant electric current is 
available for lighting purposes; then it is believed this source of heat 
ossesses certain advantages over gas which tend strongly to commend 
·ts use: Among the most important of these are the greater degree of 
constancy in temperature secured and the element of danger which is 
avoided. · 
In using this method of-heating the lamps are placed directly in-
ide of the box and the wires from the electric circuit are brought in 
hrough a small opening in the back. The connections with the lamps 
re so made that they shall have the so-called parallel arrangement to 
:void the loss of all the lights in case one becomes defective. 
As the strong light emitted from the lamps -w onld be objection-
hie on the inside of the incubator it is necessary to ·darken them by 
me means. This can be readily accomplished by painting them over 
"th several coats of some opaque substance as lamp black and linseed 
'. but as the heat tends to cause any paint on the glass bulbs to scale 
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9ff in time it is found more satisfactory to enclose each lamp in a lig 
.proof case which can readily be made of pasteboard. A round pas 
board tube having a suitable diameter, as the ordinary mailing tube,· 
found to serve very well for this purpose it cut the proper length a 
closed at each end by a pasteboard disc. One of these discs which . 
perforated in the center to admit the wire3 supplying the lamp · 
pa11ted iuto the end of the tube and held in place oy a disc of bla 
cloth of slightly greater diameter. The wires are pass~d through t 
disc and connected with the lamp which i:; then d t·awn up into th 
tube and the other disc is pasted into the open end of the tube. 
It is found that the heat radiated. from two lamps of 16 cand 
power is sufficient to ·maintain an incubator of the dimensions given a 
a te~perature greater than 37!0 0., even.'though the temperature of th 
surrounding room is allowed to fall as low as 14 °0. It is essential i 
order to maintain the incubator at a constant temperature that th 
heating power of the lamps used be somewhat in excess of •that r 
quired to maintain the desire~ temperature at the time when the tern• 
perature of the air in the room is at its lowest point. 
The arrangement of the lamps in the incubator is a matter whic 
has received considerable attentio~ and numerous trials have bee 
made to determine the influence of varying numbers of lamps of dif 
fering candle power arranged in different ways upon the equalizati 
of the tern perature at different parts of the box. While it was foun 
that there mi~ht exist a difference of temperature in some cases as 
great as 1 o C. in different portions of the box with some of the meth 
of distribution of the lamps, it was shown that this difference tend 
to diminish in proportion to the length of time which had elapsed sine 
·the starting of the incubator, or the opening of the door, or any cau 
which tended to disturb the temperature equilibrium, and that it 
came so slight after the incubator had been running normally for som 
time that it could be disregarded. In o-rder then that the lamps migh 
interfere as little as possible with the arrangement of the drawers, the 
were placed in the rear of the box, one being arrang~d on either sid 
uf the center and a space of 2! inches was made for their recept.ion b 
shortening four of the drawers as previously mentioned. In order 
obtain the most uniform heating of the enclosed space it was found ad 
visable to suspend the lamps from the ceiling and allow them to han 
within three inches of the bottom of the box. The ascending curren 
of heated air rising in the vicinity of the lamps tend to promote a c· 
culati0n in all parts of the box. 
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CONSTRUCTION OF THE THERMORBGULATOR . 
In using electricity as a source of heat it becomes necessary that 
the thermoregulator should assume the form of a switch for mak-
ing· and breaking the current automatically when operated upon by the 
influence of heat, the necessary arrangem~nt being such that any ele-
vation of temperature above the desired point shall operate the switch 
to break the current and extinguish the lights, while a chang~ in the 
opposite direction will cause the relighting of the lamps from the clos-
ing of the circuit. There are several different forms of thermoregula-
tors which may be made to serve this purpose, many of which are .sen-
sitive to exceedingly slight variations of temperature, yet nearly all of 
these forms are open to the objection that they can be used ,with cur-
rents of very low potential only and are not adapted to use with cur-
rents of high voltage. After repeated t.rials of several types of appa-
ratus in which the thermoregulator was used as a switch in a battery 
circuit of low potentiHl where the breaking of this circuit from the 
elevation of the temperature was made to result in the breaking of the 
electric light circuit and the consequent r.losing off of the source of 
heat it was tound that although a remarkably sensitive apparatus could 
be made in this way it' was not adapted to constant use owi:Jg to the 
running down of the batteries used and the changes in resistance to . 
the weaker currents resulting from oxidation of the contacts and other 
causes. 
· In order to avoid these objections and to simplify the apparatus by 
getting rid of the battery currents it become evident that some form 
of switch must be: used which should control the passage of the high 
voltage lighting current as a direct result of . the temperature changes 
to wnich the switch should be subjected. After trying various forms 
of switches constn~cted of different materials for this purpose it was 
found that the apparatus in order to give practical results must com-
·bine the following properties: First, it must be sensitive to very slight 
temperature changes and the materials of wbieh it is constructed must 
respond quickly to these changes ; second, it must not suffer damage 
or change from the transmission of currents of comparatively high 
voltage, and third, it must combine simplicity of construction with 
ease and range of adjustment. 'fhe form of switch finally adopted as 
combining these properties in a greater degree than any of the others 
used is illustrated in figure 2. 
In this figure a represents a sensitive bar 12 inches long and linch 
wide, which is composed of a strip of sheet brass and a bar of hard 
rubber, held together by machine screws which pass through the brass 
into the- rubber at intervals of one inch. The brass used corresponds 
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FIGUR E 2. 
in thickness to No. 26, of . the B and S wire gau~e and weighs 6} 
ounces to the sql!are foot, while the rubber strip to which it is fixed has 
a thickness of -l<E of an inch. The bar a is fixed at its upper end to 
the brass block b and at its lower end which is free it bears a second 
b.ar c of similar construction. This secondary bar is projected upward 
from the lower end of a and is maintained firmly in the same plane as 
the latter, or in a .plane perpendicular to that of the paper, by a 
rectangular piece of thin brass plate to which each i8 securely held by 
screws. Besides acting as a support for the bar c, this brass plate serves 
as an electrical connection between the two bars and is of sufficient 
length to allow the latter to move back and forth past each other with-
out coming in contact. At its upper end. · the ba.r c forms a contact 
with the thumb screw d which is supported upon the adjustable stand-
ard e. This and the brass block b are mounted upon a rectangular 
piece of hard rubber f which is fastened to .the posterior wall of the in-· 
cul:iator. 
As the lineal coeficient of expansion of hard rubber per degree C. is 
.000165 while that of brass is but .0000185 it is evident that when 
subjected to variations of t~mperatur~ the bars a and c will be bent 
from the perpendicular by the greater expansive and contractive force 
of the rubber over that -of the brass. By a referenc~ to the cut it will 
be seen that the rubber in the bar a is placed on the left and the brass 
on t~e right, while in the bar c the relative positions of the two sub-
stances are reversed. As a result of this arrangement it follows that a 
rise of ·temperature above the normal will cause a deflection of the 
lower or movable end of the bar a from the perpendicular towards the 
right, while the upper or free end of c will be deflected in the opposite 
direction or away from the contact screw d. As soon as the tempera-
t.ure change ,has been great enough tG cause the contact at d to be 
broken the lights in the incubator are extinguished and the cooling 
which follows causes the bars to assume their former position, thus 
bringing about the reestablishment of the circuit and the relighting of 
, the lamps. In this way the temperature within the incubator can be 
maintaineq at any required point within the range of the apparatus by 
adjusting the contact screw d so that it just meets the bar c when the lat-
ter is influenced by the desired temperature. It is evident then that any 
elevation of temperature above this point will cause the breaking of the 
circuit and the extinction of the lights while any fall of temperature be-
low the desired point will result in the immediate relighting of the 
lamps. In this way the circuit is alternately closed and opened, while 
the iRterval during which the lights are burning is dependent upon the 
heating power of the lamps, the capacity of the incubator and the tem-
perature at which it is maintained. · 
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the movable bar. It was also found convenient to use a buzzer 
soine sort in the electric lighting circuit outside of the incubator 
· signal to indicate the opening and closing of the circuit on the · 
By this means it is possible to determine at any time whether 
lights in the incubator ~re burning wit~out opening the 
causing a disturbance in the temperature. 
CosT. 
The total cost o£ constructing the incubator as here described, . 
eluding labor and materials, amounted to $11.74. The switch 
made in the laboratory work shop and can be . readily duplicated in 
few hours by any one who is :familiar with the use o£ the lathe 
necessary hand tools. The capacity of the incubator is just -one 
greater than that of the reg-ular large size gas incubator which 
dealers list at $150. 
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